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ABSTRA

. Thi's paper proposes the use of
information system models of production as a
tool to achieve rationalization and mteqr,aﬂon
goals and to create a |earning organization. It
I's shown that t hrouPh use of "theSe models it
IS possible fo identify cost-benefit ratios for
various rationalization and modernization
tasks, and to create an action plan for their

| npl enentation, Proposed production
{nrormation mdel aims at reducing every job
Into its smal|est elenents in the form of
processes and activities as well as
rationalizing. the subH,eche concepts of
comlexity, Size, quality etc. through the use
of ‘metrics. The paper also discusses the
Increasing reality variance of accounting
systems and proposes the introduction of
single-factor and total factor productivity for
correct evaluation of operating performnces
and of investment decisions. Wile the nodel
IS P_enerjc enough to cover all eventualities, its
application to specific Yards require additional
tarloring to reflect the erfects of layout,
faciltres, or?amzanon and labor 7esources on
the yard performance. The paper suggests
that “adoption of such models avoids Sub-
system optimzation or inportation of methods
and techniques which might have been
successful n some other “operation and yet
MRy not he appropriate in given

I cumst ances.

L PREAVBLE

During the 1970's, at the early stages
of the decline of UK commercial shipbuilding
industry, BMT (then as BSRA) was asked to

st_ud?; the ‘state of practice” in UK sh %ards
which, In 1977, led to a major effort with the
title of “Advanced Technology Shipbuilding'.
(ne of the serious concerns of the ?{0] et
was the role of Management |nformalion

Systems (MS)_and 1tS impact on shipyard
performance. " Thi s re[[)ort resulted ina

n

comrehensive report [1], reflecti %the state
of affairs wthin thar day's understanding.

Since then periodical updates to the study
have been issued to reflect the changes in
technol ogy, nethodol ogy and management
8ract|ces Thi's paper 1S a sumarized

ersion of an updat'e of the previous studies
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to account for the changes in information
technology and the emérgence of a new
manuf actUring managenent™ phil osophy, [2].

. The problem faced by the shipbuilding
|ndus,tr[)! IS to produce a w.orkmg design and
to build the product from this information in a
cost-efficient manner, The design of modern
ships, especially warships and suomarines, is
a very comlex process providing a
configuration design to house the shipboard
systems and equipnent. During this process
a Iarge_bodY of information is Ccreated and this
Information together with facility, yard layout,
miterial and coat data has to he caE_tured,
anal yzed and utilized in decision ma |n% for
the Shipyard to operate successfully. The
volume, ‘varjety and complexity of this data
especially in the face of corpartnentalized
thinking Tn various departments, may create
confusion and turn into a |iabil ity imstead of
being an asset. The aimof this paper is to
provide an overview of total system
requirements, its components and their
functions with due emphasis on integration. |t
IS, however, to be understood that each yard,
based on its facililities, production methods
and mnagenent infrastructure, needs to tailor
the systém as there can be no universal
remedy valid for all shipyards.

2 THE NEED FCR RATI ONALI ZATI 1 ON
AWD TNTEGRATTON

Since the Second Wrld Wr

manufacturing technol ogies, especially
SUhll?bu”dl ng steadily declined ;n USA and

Pa,therlng further pace since 1970. To
some his was the manifestation of David
Ricardo's fanous |aw of conparative
advant_aqe ‘,..that such an ancient and
|abor-intensive item should rightly be
produced in countries whose workers had
sinple manual skills and |ow vage rates.’
Hovever, when hi gh-technol ogy” conpani es
found themselves 10sing position to forejgn
competitors (often from countries viewed as
o fowers, and copiers rather than

echnol ogi cal innovators) the problem started
0 receive more Serious attention.

Vithin the context of US A and UK
three alternative exPI anations have been
proposed. According to the first school of



thought there was no real problem The
difficulties being experienced by the industry
were simply the normal response of an
econoni ¢ systemto a series of external
shocks the” maturation of certain “sunset
industries and the synptoms of an
accel erating transition to a post-industrial
service-domnated society [3]. This view
became increasingly difficult to defend as
industry after industry collapsed under the
pressure of Far Eastern conpetitors.

A alternative explanation suggested
that 4 serious problem existed and |t Was
%Hnan,ly due to macro-econom ¢ pol i cies.
he main causes being high interest rates
and a tax system that warped investment
decisions implicitly favoring consunption and
borrowing over saving and imvestment, and
residential construction over industrial
moder ni zati on.

A third school also believed that the
probl em was serious and Femst ent, but
sinply. correcting sone of the obvious
inconsi stencies and inbalances in
macr oeconomi ¢ and industrial policies woul d
not be sufficient to restore the industrial
conpetitiveness. The main problemlaid in
the areas of manufacturin nana%,ement,and
technol ogi cal devel opment [4]. Wthin this
expl anat1on, when one |ooks upon something
as a liability, not as an asset, it tends to
change mnagement attitudes. One nanaPes
around it, not” through it. It receives less o
the corporate resource allocation with
predictabl e consequences. Equipment runs
down, buildings get ofd and dirty, and
workforce relations get even moré strained.

[n an effort to regain control, mnagement
Installs more sophiSticated central control
systens which tend both to increase the
overhead costs and to stifle innovation.

Power and exPemse | ncreasi ngli/ mgrate from
the factory floor to the corporate accounting
room The  prime motivator becomes the fear
of failure and punishnent. A downward spiral
of performnce, confidence and investment
follows, [eading to the closure of plant.

This trend can be reversed and recent
resurgences in some manufacturing
conpani es through rationalization and
|nte9rat|on s the clear proof of potential of
constructive action. Rationalization, in the first

instance, require that management should
focus on organization's resoufces, capabilities
and energieS on building a sustainable
advantage over its conpetjtors along one or
more difiension of competitive differentiation;
relative cost, relative quality, and relative
innovativeness. Once It has heen deci ded
what kind of conpetitive advantage the
organization isgoing to seek, it has to
configure Ttself“to “achieve and continually
enhance that competit]ve advantag,e. Thi's
requires mking a series of coordinated
decisions of both analytical and infrastructural
nature. Analytical decisions refer to mtters
where estinmtes can be made, such as

the amunt of total production
capacity.
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how this capacity should be broken
Up into specific production facilities,

what kind of production equipment
and systens should be adopted by
these facilities,

which materials, systems and services
shoul d be Produced internally and
which should be sourced from outside
orPamzatLons., including the degree of
refationship with suppliers.

By infrasture, on the other hand,
refer to mnagement policies and system
which are used in the inplementation of
analytical decision. These are:

Human resource policies . and
practices, including training and
managenent  sel ection,

Product and process devel opment
ol i ci s,

Capital investment policies,

Performance measurenent and re
systens,

Organizational structure design.

.. Integration on the other hand
elinnate compartnentalized thinking,
I ncreases communication and awareness,
encourages standardi zation and design fo
production and reduces redundancy”and
duplicity. Wthin a large orqam zation one
[ dentify Tour levels of integration: design data,
decision and organi zational"integration.

Nbst orPam zations believe that they
have successfurly inplenented a new .
operating technology when the systemis
working without serious bugs, reliably and
new technol ogy has a high utilization rate.
However, this definition ignores the most.
Inportant reason behind the implementation
of a new technol ogy; value for investment.
One can therefore propose two levels of
success in the implementation of technology:

Technical  success

Realization of benefits
(econom ¢ success)

Techni cal success generally refers to
reduction in error$ and effort requirement

to the elimnation of paper-driven steps, and
%rowth in enabling capability and functionality.
conoi ¢ success, on the other hand, implies:

Realization of productivity increases
(e.0. reduced labor, increased
throughput, reduced cycle-tine, etc.)
Realization of non-proctuctvity benefits
such as reduced lead-time, quality
|mprovements, increased flexibility,
cost-effecutive design. etc.



Translation of these benefits into
competitive gain (value).

Vari ous surve*s conducted in different
.seg.rrents of the manufacturing mdustrY
indicate that successful design and data
Integration generally leads to technical
success with only limted economic benefits.
The real competitive advant aPe.corres with
the decision and organizational |nt,eqrat|on,
However, unless design and data integration
s complete, decision and. organizational
Integration cannot be achieved successfully.

. Achievenent of these %oals require
time and investment. Figure -1 illustrates
time and cost implications of integration.
where design integration is included wthin the
data |_nteF_rat|_on. Successful i mplenentation
of rationalization and integration relies heavily
upon the design and operation of a .
drstributed data collection, analysis, E}| anni ng
and control systems and the establishment of
a data base and an information system
satistyi n? these requirements, whith contains
at least three levels of information covenng
strategic, functional and operational aspects
and appealing to the needs of ifferent tiers
of the hierarchy (see F|?ure 2). Ina Iar?er
organization strategic information of one Tier
my wel| become and operational |evel
Information of a higher tier.

3. SHI PYARD | NFORMATI ON' SYSTEMS

. During the evolution of the
shipbui [ding Tndustry each shipyard has

devel oped jts own systems by which to plan
and control its operations. These systens
varied fromyard to yard, each being

devel oped accordi nP to Its own needs. Smal|
%ards building sinple vessels with only a few
undred enpl Oyees sometines relied |argely
verbal communication whereas large yards,
perhaps spread over a number of “Separate
sites, and enpl oying rram{ thousand of
wor kers needed to resort to a more formalized
approach by instituting standard. forns,
standard réports, uniform collection of

mnhour data etc. Invariably, the |arger
compani es use conputers as an aid to
handl i ng i nformation.

Hovever, despite the wide spectrum
of systems found in the industry, it is felt that
the “objectives underlying those systens
correspond to a common framework of ,
requirements and it is the devel oFmant of this
info a set of mnimm requirements, with due
enphasi s on planning and eval uation, that
has been the object of this work. The ,
existing systems have been examined in detail
and the essence of each of the various
functions extracted. Fromthis it has been
possible to identify a nunber of system
modul es, 1.e. routines or procedurés each with
a Well defined purpose, and with inputs and
outputs which are recogni zed retil_u rements for
pl anni ng and controlling the functioning of a
shi pyard.

As an aid to clarity of presentation
these system modul es have been grouped
together into seven main functions. These

Cost INTEGRATION OF ORGANISATION
Definition: Uselul antegraion of A
] $ec00Rs which Within COMPIRY OTFaRNALION
arc assigned to differear areas
P «Sacol
«Type of fuacuon
m&u e - Stability of products
DRGANSATIEE] « Complcnty of producs
s ———————————— « Hicrarchy & drvinoa thiaking
2 o % % «Work foree qualification
2 2 % ; «Managerial philosophy or polscy
o0 oV R0
7 S et =
K M.SS?-\-” 3
2 N SR
e
¥é: 3 a8 Ia% ey s
e o S
o7 > 5 Parameterr:  » Task definition
- Perspective
7//{/// « Relsbiiity of informaies
YA - Compleuty of tasks
//84456 ) «Solution spproach
V2505 - Methodscal developeeat
ZOF DATA < Level ol integraton
f///%f( - Risk costs
7 7, - Response time
Z/‘ « Econonty & Value Evaluation
Time Expencituie e
INTEGRATION OF DATA

Definition: Creation of 8 joint dats basis com-

peied Of data which are simultancously required

by ihe respective sreas

Parameters: - Quality of in-house docementaiion
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- Solrwasc/aardware compalidiiy
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FIGURF -~ 1. LEVELS OF INTEGRATION - TIME & COST IMPLICATIONS
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FIGURE — 2. HIERARCHIAL INFORMATION & DATABASE STRUCTURING

functions correspond to established shipyard
practices but a clear distinction mst be
drawn between activities which are carried our
within each function, and any departnmental
structure which may be found in a particular
shipyard. Only by recognizing this distinction
will it be possible to correctly assets current
systems and procedures in order to discover
areas in need of inprovement. These main
functions are

CONFI GURATI ON DESI G\ To
create a ship configuration with all of its
elements and to analyze its functionality to
ensure the proposed design satisfies the
attribute requirenents and accommdates
producibility demands of the shipyard.

PLANNNNG To set dates, targets,
and cost and quality inplication which will
ensure conpatibility between the requirenents
of production, the availability of resources end
technical information, and the [initations
imposed by financial and contractual
obli gati ons.

PRODUCT DESIGN: To convert
configuration design into a detailed product,
to identify and specify the total material and
equipnent required for the constructlon of a
ship, and to prepare technical information to
meet the requirements of production.

MATERI AL CONTROL To procure all
materials and services for the construction of
a ship and operation of a shipbuilding
business at econonic cast to neet contract
requirements.

Production ENG NEERING To
define, in conjunction with planning the,
buil ding methods and units of work for the
construction of a ship, to define the sequence
f operations and the material requirenents
for each unit of work and to collate
production information for each unit of work.
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Production CONTROL To initiate
the production process by means of a short
term schedule, having regard for the
availability of material and status of work in
progress.

MANAGEMENT ACCOUNTI NG To
accunul ate and collate all data relating to
labor, material ard overhead costs for a
contract and present reports for control
action by mmnagenent.

Three inmportant supporting functions
are also identified as cost/val ue engineering,
"financial accounting' and ‘personnel.' The
purpose of the definitions is more as a
descriptive aid to the reader as opposed to a
definitive statement or constraint. From the
viewpoi nt of shipyard efficiency cost and val ue
engineering provides a critical role both in
terms of the selection of the appropriate
building strategy as well as the utilization of
resources, by linking design, planning and
production engineering functions.

It must also be stressed that the
grouping of the system nodul es into
functions has been done on the basis of the
wor k done in each nodule. Thus the
planning function contains all the elenents of
planning even though done at widely varying
levels of detail. In structuring the system
modules it is essential to reduce the
description to a level which corresponds to a
function within the yard with a defined action
and information flow logic as shown in
Figure -3.

A useful format to adopt is to show
the function within which the nodule lies, the
title of the particular nodule and its obgecnve
and then to consider three elements of each
modul e. The first essential element is the
input data required if that module is to
operate. This itself is divided into internal and
external information. Internal information exists
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wthin, or is generated by the function, i.e. ~ The concept of defining groups of
files of data reference information etc., or the operations or tasks as ‘work units' ‘and
exPert|se or experience of personnel. External referring to the same units for plaming,
information is generated as output from other mterial status checking, progress nonitoring
system modul es and transferred physically or and cost monitoring is a comon theme in
verbally hetveen the modules. In many cases several of the system modules. The work unit
(where “advanced conputer Systems are in concept is already widely applied for
use) this transference of data may be steelwork fabrication and outfitting where
achieved by many nodules having access to typically one or more steel blocks and their
the same database. outfit elements are treated as work units. The
definition of work units will vary from one

The second element is the out put shipyard to another and from one ship type to
fromthe module. As with the input the another depending on the way the work Is
medium of transfer is not usually specified, organi zed. The general definition of work unit
but in mny cases will be an organized my be stated as:
database system This does not, however, , ,
exclude other forms of communication, A set of production operations or

. . tasks grouped together for cost-

The third and last el enent described efficient production and aSS|Fned, to
for each systemnodule is the method. OWIK be o, for the purposes of pramning
an outline of the method is given because the and control.
nature of the shipyard will, in any . ,
inpl enentation process, determine the precise ~There nust be a recogni zabl e and
details. Some methods will probably always definitive start and finish for every work unit to
remin mnual, while a great myjority will be facilitate progress nonitoring and there mist
achieved by the use of conputers, especially be clear responsibility for each work unit at
where accuracy and rapid operation on or “shop floor’ or trade management |evel.

transfer of datais required. This concept of
presentation, together with the connectivity
diagram is illustrated in Figures 4 and 5.
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4 RELATI ONSH P BETWEEN DESI GN
AND  PRODUCTI ON

Hstorically, many shipyards enployed
a compartnentalizéd approach to design ‘and
production, segregating these functions from
each other. In"fact, in sone shipyards
drawing production and design are
considéred to be the same thing. In the.
present era of rationalization and integration
ong of the very first issues to be settled is to
define the fuiction and interrelationship of
gach a.chHO(i to ensure cost effective
operation. Wthin the context of shipbuilding
design refers to the genertion of a
configuration and product, satisfying all the
functional ity requirements. in a cost efficient
manner. Here, configuration design refers to
the top-down st a?e of the de3|dgn where each
component or systemis defined and anal yzed
to satisfy the functional ity requirements, just
ke defining the min bone structure and
organs of humn, bod‘/., Product design then
operates on confiquration design to add the
necessary details and information, and
reduces 1t to an assembly of elements, each
ina producible or procurable state.

. During the configuration and product
design, a large number of production
deci S ons are implicitly or exphmtlr mde.
Hstorical data on cost saving potential vs.
cost to change indicate that earlier .
consi deration” of the cost and producibility
E.row des the maximum R.al n, as depicted in
igure 6. However, achievi nq this end
requues devel opnent and establ i shnent of a
cost effectiveness anal ysis.

~ Cost effectiveness within the context
of this paper includes value analysis end
value engineering. Value, for definition
purposes, is the fair equivalent in Services or
commodi ties that an owner/buyer receives in

exchange for nmoney. "Value Engineering'
(VE) IS a creative, organized a/Jproach 0se
objective is to optinze cost andfor
performnce of a facility or system The VE
approach is directed toward andl F/,sLs of
functions, It is concerned with efimnation or
modi fi cation of an%t hing that adds cost to an
[tem i thout contributing to its required
functi ons. Dunnq,the process all the
expenditures relating to design, construction,
Ml ntenance, operation, replacement etc. are
considered (see Figure 7). Such an

D (] PROOUCT
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o ] j
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eval uation relates to the life cycle
consi derations which represent” continual
activities involving design, evacuation,
production, conparison and nodification.

. Through the use of creative ,
techniques and the latest technical information
regardl ng new nethods, strategies, mterials
and processes, alternate solutions are
developed for the specific functions.

. Cost effectiveness aim at the efficient
identifjcation and removal of unnecessary.
costs, i.e costs which provide neither quelity,
use, life, appearance, nor custoner required
features. It inproves the effectiveness of work
that has been conventional |y performed over
the years, by fllllng inblind Spots. (nce a
high cost area has been isolated quite
comonly 15 to 25 per cent, and very often
m)[re, costs can be renoved. As such, it is
not:

just elimnating the “gold plating

cutting costs by substituting itens,
processes, materials, and Systens
which do not meet the requirements

cutting costs by degrading
performance, naintainavility, or
reliability below the requiTements

reflectin a\dversely on the
professional conpetence of the
desi gner.

The techniques enployed in value anal ;/3|s
are not _new when taken on an individua

basis (in fact we have been overwhel med by
fragments of know edge but have had no way
to Structure this kno ed?e). Vhat is new is
the systematic and structured approach which
converts observations and data into
informtion and know ed%e to be used jn the
anal yses to be,Perforne . Cost effectiveness
is concerned with hoth the economic and the
use values, Use value, or the proP,ertles and
qualities which satisfactorily and reliably
Fcconphsh S u‘se, js closely rel at%d t0
unction. Performng a function based value
analysis is to determne the usefulness of any
itemor element, whereas traditonal cost
reduction efforts give little thought to
functional considerations of the user's need
ang eln,tenpts to performan itemoriented cost
reducti on.

- Tofacilitate a functional analgsLs, the
function of any item component or design is
defined literally by two vords: a verb and a
noun, For exanple,” the basic function of a
hatch cover is to "control access' - control IS
the verb, access the noun. Smlarly the
function of awreis to “conduct current;" that
of an elevator to ‘convey weights.' Here the
verb answers the question, What does it do?
Thi's question focuses attention on the
function rather than on the particular design
and the subsequent function analysis
Involves thinking about why an itemis
necessary, rathel than thinking about the item
itself (see Figure §).
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Since a specific monetary value may
have to be assigned later durln? the process
of relating cost to function the Type of noun to
be used is inportant. A measurable noun
together with a verb provides a description of
a “work' function (e.g. transmt load, support
deck, store vaste). Function definitions

cont ai ni n?, a verb and a nonneasurable noun
are classified as 'sell' functions. They
establish qualitative statements, e.g. satisfy
code, provide symetry, assure convenience.

 The technique of statln% function
usmF a verb-noun hel ;%s to reduce a Probl em
to ifs fundamentals. The advantage of the
approach are

Forces conci seness. |f one cannot
efine a function in two words, either
here s not enough information or one
S

f

g
rying to define too |arge a segnent
h% pgroblem : :

Avoids combining different functions
and ensures that only one function will
be defined at one time.

|
r
t
t

Facilitates the task of distinguishing
between primry and secondary
functi ons.

Aids in achieving the broadest |evel of
disassociation from specific design or
previous  sol utions,

nce the function-itemrelationship is
established,_functional analysis can be.
perforned. The first steR in any functional
analysis is to classify the verb-noun function
as @ither prime or sécondary. The objective
IS to use an organization fethodol ogy to
determne if thefe are functions that "are
unne,cessar* overly expensive, or can be
combi ned. The purpose 1s to simplify the
logic in design leading to making itens [ess
expensi ve.

tem-crientated cost raduction ivoives looking at Rem
A and a3king the question - *How can kem A be

mace al a lower cost?® The recuitis Ume A', a
modified version of kam A, as shown beiow:

-A A

Vaive Engineering invaives looking st kem A and
asking the questions - *How can the besic functions
of item A be provided at a lowee cost?™ The resukt is
Rem B, which Is somatimes a complatsly Gilersct
Rom, 23 shown beiow:

A Basic Func- B
tions of A

FICURE - 8. FUNCTION-ORENTED VS. ITEM-ORIENTED COST REDUCTION



‘Prime function is the performance
feature(s) which must be attained if an item or
design is to work or to meet the owner's
requirenents. The item may be a facility, a
system piece of hardware or software,
service, nethod or procedure. An item may
possess more than one basic function. For
exanple, a superstructure bulkhead cart be
functionalized as “enclose space’ and “supgort
load'. If the bulkhead is for an internal su
division its “support load" function can be
fulfilled by other means, hence its prime
function is'to "enclose space’, the other being
a secondary function. “Secondary function”
IS any characteristic of an iTem which s nof
essential to the user for the desired
application of the itemand does not
contribute directly to the acconplishment of a
Frme function. I'n some cases secondary
unction performing items may result from
honest wrong beliefs and assunptions, or the

perpetuation of obsolete requirements.

. Unless an itemin question has also a
prine function, for function analysis purposes,
most secondary functions have zero use
val ue. Secondary functions are support
functions and usually result from the particular
design configuration. Cenerally, secondary
functions contribute greatly to cost. Were
secondary functions are essential to the
Berformance of the prime function, or required
y codes, they have value.

Functional Analysis System Technique
(FAST). Asa rule functional analysis in
design is performed fromthe top down. The
relative position of anitemin the total design
is called its ‘level of indentation”. If the
function of the total design is dependant upon
the indented item the functionis prine, -
otherwi se secondary. Functional analysis rrar
be applied to all indented items, regardless o
their function.

For study purposes, functions of
secondary indented items are potential
candi dates for saving. However, when
looking at the overall design and Iife-cycle
costs, mny secondary indented items ny
have essential functions in terms of
mai ntenance, operations, safety or
environnent.

Level of indentation is derived by the
| adder of abstraction method which has been
developed as a thought-forcing process.
Asking the question,” Why? drives one's
thinking up the ladder into higher order
functions, Asking the question How? forces
the thought process down the |adder of
abstraction into lower order functions. A
formal process of generaﬂng level in
indentation through the use of level of
abstraction is known as Functional Analysis
System Techni que (FAST&. Use of FA
involves a function block diagram based on
the answers to \What? Why? How? The result
IS a hierarchy of functions showng their
logical relationship. Wthin a FAST d|a%r.am
the answer to the “How' question should Tie to
the immediate right of the function, and the
answer to the “Wihy" question shoul d lie to the

immediate left, about which the question vas
asked. In this way a chain of verb-noun
function description is obtained which Iinks
the prime function to sequential Ssupporting
Prme.functlons. However, for these functions
0 exist, a nunber of support functions need
to be performed. If those support functions
are required at the same time 8e concurrent)
they are listed below that function, connected
vith a vertical line, formng a vertical chain of
functions. Some support functions happen al|
the tine and they are placed above the main
horizontal function chain. Design Criteria and
Codes are treated as all the time suPport
functions. Scope lines determine the limts or
the study, and the prinme function under study

always lies to the immediate right of the
higher order scope line (see Figure 9).

Through the use of FAST diagrans
one can identity all the prime functions,
required and other secondary functions, and
the analytical cost effectiveness procedures
may then be applied.

Analytical Evacuation Procedure. The basic
Procedure of a cost effectiveness study is the
unct i on-worth-cost approach. For each
mjor prine function all the related items and
their functions are listed and identified as
prime, required secondary and secondary.
Cost of each itemis calculated and added
together to deternine the cost. Then the
worth of each itemis deternmined and added
to?ether to calculate the worth. Wrth is
defined as the lowest cost to perform the
rime function and required secondary
unctions in the most elementary level
feasible, wthin the state of the present
technol ogy. Qther secondary itens are
assigned to zero worth. In general, worth can
be established froman analysis of historical
costs, using col lected costs for itens
performing simlar functions. Wrth may or
may not be equal to cost for the sane
function can be performed more cheaply by
other neans.

Functional analysis itemlist is then
conpl eted, and estimted cost and worth for
the function are deternined. The cost/worth
ratio provides an indication of the efficiency of
a design or item Experience gained in the
fields of process and civil engineering suggest
that when the cost/worth ratio Is %reater than
two, there my be a fair potential Tor
I npr ovenent .

~ Once a function is a candidate for
potential savings, atternative ideas are
Fenerat ed and evaluated in the same manner.
n the generation of new ideas the aimis to
reduce fhe deficit between the cost and the
worth. Some of these ideas may be
inpractical and elimnated on various
grounds. The final decisions, however, are
made by considering the life cycle costs.

Life Cycle Cost Methodology. Life cycle
costing (LOC) isan economc assessment of
an item area, systemor facility considering all
the significant ‘costs of ownership over an
economc life, expressed in terms of



equivalent money. Life cycle cost analysis is
defined as LCC plus use of a non-econonic
adjustment of results using utility evaluation
techni ques. Non-econonic consi derations
include performance, safety, environnent, etc.
Because the expenditures are spread across
different points in time, a “baseline’ time
reference must be established and all the
oos; s shoul d be brought hack to the baseline
usi ng proper economc procedures to devel op
equival ent costs.

~ To performa LCC anal ysis information
regarding the facility economic Tife, the
anficipated return on investment, cost of
money, and operation modes, as well as non-
economi ¢ requirements such as performance,
safety, etc, mst be deternmined. Wth this
information one can carry an analysis of
several criteria, including economc and non-
econoni ¢ factors, each ca_rrw ng a given
degree of inportance (weignt) depending
upon the circumstances of the project. Wthin
this context decision making becomes a utilit
assessment process. At present a large body
of knowl edge and techpi ques, are available for
use. Because of its simplicity and other
advantages, especially least dependence on
data availability, makes sinple ranking
methods (weight assi gnman{rg the nost
preferable approach to be adopted.

Vi ght eval uation provides the tools
for conplex decision making through a
formal Iy organized process for the selection of
optimum solutions in areas involving several
criteria. In the process, criteria are assigned

differin? vei ght val ues according to their
potential impact on a project. The alternative
designs are then eval uated against the
criteria. During the evaluation process, it is
inportant to consider and weigh the following
| SSues:

needs vs. desires
inportant vs. unimportant
trade-off vs. non-trade-off

~The procedure for weighted eval uation
consists of two stages: the criteria weighting
process and the analysis E.rocess. The
criteria weighting process (Figure 10) is
designed to 1solate inportant criteria and
establish their weights or relative inportance.
In the analysis phase, perforned through a
matrix analysis (Figure 11), each alternative is
listed and ranked against each criteria. The
rank and weight of each constraint are
mitiplied and totalled. The alternatives are
then scored for recommended inplenentation.

. [ncriteria weighting, only those criteria
whi ch have significant inpact in conparing
alternatives should be listed. In addition,
criteria should be unique and not over|apped
by other criteria of simlar pr.oF.emes. For
exanple, reliability, mintainability, and proven
quality have too many overlapping properties:
only one should be Ii'sted.

Having determined the criteria to be
used, the next action is to conpare them and
establish their relative significance. The
degrees of significance are ranked as slight,
mnor, nedium and mejor preference. Wen
a decision of inportance cannot be nade
between two criteria, the two criteria can be
indicated as equal by using both fetters in
sqort| ng the matrix and by scoring each at one
point.

‘To standardize the weighted
evacuation process, the raw scores are
converted to a scale of 0 to 10 as the
normalized weights, ten being the criteria
receiving the highest raw score.

How =» Later Prior
Time Time * Why
Desl Same
— C?ife%ig Time  Supporting Functions Qll-Th_e-Time
. That Happen Al (™* unction
The Time \ RN N
. gs;igp All-The-Time
<= Qutput ena Seque‘ntlal Supporting Fufctlons Functlon ‘e Input
N ]
Higher Prime Sequential Sequential Se
quential
g&g:trion ?\;’:r%t-l:l:un) Function Function Function |+—e= Critical Path
1
Concurrent or Concurrent or goncurrent or
Prmcian % | ] Binenaous Gonurrent Fonotion
$ . Functions  ~=———t
Concurrent or Concurrent or
Synonymous || Synonymous
Function Function

«= Higher Order Scope Line

Scope of Proble Under Study

Lower Order Scope Line  «mp

FIGURE 9. - FUNCTION ANALYS1S SYSTEM TECHNIQUES (FAST) DIAGRAM PROCEDUFE

21-10



The matrix analysis is desiﬁned to
take the criteria and weights developed and
to establish a format for evaluation of the
response of various alternatives against the
criteria. Total weighted evaluation scores aid
the decision-maker In the selection of best
alternative. The input data consist of the
criteria weighting process results and the
alternatives under consideration.
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{xipimimio nie > g
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5. COST ENG NEERI NG

Cost Structure. Since costs are the whole
foundation of a cost effectiveness study, cost
modeling and cost estimting formone of the
mst inportant part of the study. Estimation
depends on the available design information
and it has to follow the sane stages with the
engineering design; i.e. concept, preliminary,
contract and detailed stages. Cost estinating
is the rational application of quantitative
methods to problems of estimating designs.
The modifier rational suggest the
establishment of correct cause-effect
relationship as well as the satisfaction of
accuracy requirenent with due account for
the difficulty in obtaining accurate and
useabl e data.

Two essential elements of cost estimating are
a rational cost breakdown structure and
rational cost models for cost elements.
Rational cost breakdown is an integral part of
the overal| technical database nanagement
system The most critical element in cost
breakdown is the presence of a logical
structure in the formof hierarchies such that
as the design progresses |over levels of the
hierarchical structure are introduced into the
estimation process. Such an approach
necessarily [eads to a direct reference to
basic items in their lowest level and require
the establishment of a know edge base.

Cost Models. Cost estimates may be used
for two purposes; to serve as a tool of the
cost effectiveness analysis (as a guide for
choosing anongst alternative designs), and to
deternine an actual budgeting requirenent.
The aimis to use the same cost models to
serve both purposes, however in practice,
different cost nodel's are used for each of
these purposes. The need to include value
and cost considerations for the entire life
cycle also demands consistency of cost
model s employed in different stages of design
and construction, such that trends predicted
in concept design level wll not be ,
contradicted in"the later stages of the design
and construction.

A 'though various classifications are
always possible, based on their |ogical
structure three major types of cost medals
can be distinguished: (1{ intuitive mdels, (2)
correlative models, and (3) causal models.

~Intuitive cost models enploy simle
design characteristics to apply quantitative
reasoning. A typical cost model of this type
IS costing by weight groups, using past data.
Correlative cost models interrelate Several
variables on the basis of past information,
generally by neans of a multi-varjable
re?ressmn. As such, these models are
mathenatical |y nore conplex than the
intuitive models. They nay produce nore
accurate cost estimtes, but they are not
necessarily any nore insightful. Causal
mdels are designed to represent the effects
of sone variables caused by changes in the
others through a cause-effect analysis.
Therefore causal model s cannot be obtained



solely by a mat herratical.nani]pull ation of data
like @ regression analysis. Their development
requires a deliberate causal structuring, based
upon either a formal theory (i.e. system
|dent|f|cat|or(?, or af least some plausibility
arqurents and a strict validation process.

The mjor difference between the
causal and other models is its ability to
forecast as well as predict, i.e. incorporation
of changes in technol ogy, materials, methods
and environment to anticipate how these
changes may affect the future.

One feasible way of achieving a
causal model is to define product, process,
size and conpl eng. metrics to reduce
subjectivity and arbitrariness. Metrics are
objective and algorithnic elenents for the
measurenent and quantitative estimation of
product features in relation to a product
model . As such they can be used in
estimtion of cost, size, quality, complexity
etc. For exanple, complexity of a hull system
can be expressed using “Cyclomatic
Conpl exi ty Nunber (CON)"enploying a
decision flow graph (see Fiqure 12).

| 1 This deflnition has been borroved by cybernetics.

CCN = e -n+p
e = number ol operanons in a unt
n = aumrber ol element

p = number of cchnechions wih other unae

FIGURE 12. — COMPLEXITY AMALYSIS FROM A WORK SCHEDULE FLOW CRAPH
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6. RELATI ONSHI P BETWEEN
SHI PYARD MANAGEMENT
STRATEGY AND | NFORMATI ON
SYSTEMS  STRUCTURE

‘Since the early days of industrial
resolution the method of shi pbmldl.ng and its
managenent have undergone consi derabl e
changes. Until the end of the Second World
Wr artisan nmode of operation and hands on
personal |eadership, based on the knowhow
of the master, vere the basic ﬁfIﬂCI ples of
operation and management. This structure
was replaced by graduate managers and
strong central control, which largely led to the
downfall of Vestern manufacturing industries
by stifling innovation and by creatln% fop
fheavy organizations. Since early 1980's a
nunber of manufacturing industries have
moved to a new style known as the ‘I earning
organi zation', by studying and adopting (not
copyi ng? the approach adopted by the
successt ul Jaganese manuf act uring .
conpanies. Table -1 displays a conparison
of the two approaches, the major differences
being the adoption of a graduated control
system and worker parti cipation.

Adoption of a Praduated control
system require the inplenentation of a
distributive information system where the
operational data is collected and analyzed
local |y on the shop floor to provide inmediate
information and to determine the necessar
action. In such a systeminfornation needs
to travel both upwards and downwar ds,
necessitating flexibility and extendibility as the
worker participation wll tend to inprove
evolving tasks and alter the information

requi renents.

Wthin this context definition of
productivity and its measurenent require
special attention. Inthe first place it is to be
understood that total productivity evolves from
the amal gamation of a nunber of factors (see
Figure - 13): some of these factors are
outside the direct control of the shipyard,
some others are dependent on the
orgamzatlon end operation of the shipyard,
nd yet the most inportant factors relate to
the ship design and shipyard facilities and
production technology. It is incorrect to
assume that workers are only elenents to

measure productivity.

A meaningful approach for the
measurenent of productivity is the
Introduction of single factor and total factor
productivity indices, [5]. Here, single factor
productivity (SF? refers to the ratio of output
of a product and the input of resource, e.g.

SFP,,Qutput of A/lnput of Resource 2

[t is important to note that here both A and
Resource 2 are in raw variables. In the
definition of total factor productivity (TFP)
inflation adjusted percentage contribution to
cost appears as a Weighting factor, i.e.

TFP = (Inflation Adjusted

Parcentage Contribution to Cost).SFP|:
Chanqe in SFPand TFP provides a realistic
vehicle for the evaluation of performnce and
for the di a?noms of problens, Figure 14
iITustrates four of many potential rends which
can be detected fromsuch an anal ysis.

 Ashipyard infornation system
designed to capture and analyze this level of
productivity data wll not only assist in the
achi evement of performance inprovenent
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but also be able to capture and predict the
effect of learning (both capital and non-capital
related) on productivity Inmprovenent. Such a
know edge base will help the corporate
managenent in the planning and justification
of further capital investment. Inalarge
nunber of investment planning studies this
effect is totally ignored as a consequence of
the generally acceptable accounting practices
(GAAE%, Figure -15. displays the total factor
productivity inprovement in a fabrication plant
over a period of ten years, where nearly half
of the Improvement is due to the capital
related learning effect,

[nformation managenent starts with
the premise that the key information in an
organi zation can be identified and catal oged.
Converting the data into information is the
min aimof capturing and retaining data.
Increased use of computer applicafions
increases the amunt of data in such a way,
if it is not managed in a meaningful manner, it

an qui ckw turn into a Iiabilitg(. Therefore it
ecoNes recessary to create information

about the data in the organization, known as
“metadata’. An efficient method of organizing
the metadata is the use of data dictionaries.

. The data dictionary system can be
viewed as a postcode system knowing where
all the data are, their cross-relationships anti
hierarchy, and the methods of access and
ugdaﬂng. [t constitutes the constitution of
shipyards’ data processing environment. The
main functions of a data dictionary are:

| Identification of entities that enter into
the system and the association of
these ‘entities.

| Establishment of naming standards
and gui del i nes

| Provision of information on the
availability of data for shared use.

Overal | planning for applications so
that data duplication Is avoided
Wherever possihle.

Provision and enforcement of securi
procedures.

Provision and inplenentation of
procedures to maintain the integrity
dat ahases.

~ Success of data dictionary s*stemi
a shipyard largely depends on its relevance
the activities of the sh|pf(/ard, consisting of
min tasks. The first task consist of

establishing a comprehensive list of agreed
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definitions of data. The result is anal ogous to
an ordinary dictionary. The second task,
coding and classification, is conplementary to
the first and consists of establishing an overall
organi zation of the data itens (classification)
and then providing effective means of
identifying the place of each itemwithin an
overal | indentation structure (coding). A close
anal Q%y.here can be mde with that of setting
up bibliographic system such as Dewey
Decimal Systemused in mny libraries.” US.
Navy's extended PVBS Erov! de a reasonabl y
conprehensive list of ship items. It however
does neither contain the purpose of use, e.g.
costing, standards, specification, design, etc.,
nor does it relate to production related
activities and processes. An alternative is the
BMI coding and classification system which
satisfy these additional requirerents but
require further updating.

The major advantages of enploying
such a coding ‘and classification system are
the ability to link up with the design and
Br.odulctlon processes, work content and
uilding logic, group technol o%y and sorted
bill of materials. This systemalso allows for
enbeddi ng standards and procedures into
the database system and make the design,
production, installation quality and
acceptance as standard/ procedure driven
acti ons.

1. POTENTI AL_APPLICATION IN U. S,
SHI PYARDS

Each shipyard has certain
characteristics in their use of information
s%/s.tems that are unique to that shipyard.
Their future devel opment of sKstems Wil be
governed to sone extent by the nature of the
shipbui | ding market they are operating in.
Each shipbuilder can make an assessment of
their systems relative to the requirenents and
desirabl e presented in this paper, and
identify those aspects that are significantly at
variance with the logic and the approach.” It
is hoped that the isSues raised in this paPer
Wil be assistful in the ad0ﬁt|on of information
technol odgy model s within the US.
shi pbui | di'ng |n.dus.try. Atypical logic of such
a119 application is il

ustrated in Figures 16 and

~ Achieverent of a satisfactory and
econonical |y beneficial information System
demands investment and takes time to be
functional. As such, if requires the
comitnent of the highest level. Takin
shortcuts and devel opnent of disjointe
elements are the biggest dangers on the road
to success. Involvenent of workforce in the
design, devel opnent, consolidation, and
operation of the information systemis a
critical factor to mke the system workable
and acceptable.

[t is the belief of the present authors
that successful resolution of this issue is one
of the key elements in the revival and growth
of the U'S. Naval and Comercial
Shi pbuilding industries.
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